Abstract. Systematic relationships among North American grouse and ptarmigans (Tetraoninae) are not well defined because traditional classifications were based on morphological and behavioral characters with limited taxonomic utility. Restriction enzyme analysis of mitochondrial DNA (mtDNA) was used to generate a phylogeny for North American tetraonines that was then utilized to test previous phylogenetic hypotheses for the group and to examine the origin and evolution of complex reproductive behaviors and morphological features characteristic of grouse and ptarmigan species. Nucleotide sequence divergence among congeneric species derived from mtDNA restriction fragment patterns varied extensively, ranging from 0.28% in prairie grouse (Tympanuchus) and the morphological similarities between the two species may be attributable to convergent adaptation to coniferous forest. We inferred from the molecular phylogeny that the complex reproductive systems in tetraonines have arisen independently and that corresponding morphological and behavioral specializations may reflect parallel evolutionary trends.
INTRODUCTION
Grouse and ptarmigans comprise a group of galliform birds that collectively have a circumpolar distribution in the Northern Hemisphere. There are currently ten recognized species partitioned into five genera in North America. Traditionally, grouse and ptarmigans have been viewed as a distinct family (Tetraonidae) on the basis of morphological features such as feathered tarsi and nostrils and pectinate toes (Peters 1934 Previous classifications of grouse and ptarmigan species have been derived from subjective evaluations of morphological characters (such as natal plumage, egg color, number of rectrices) and behavioral patterns associated with courtship display (Short 1967 , Fjeldsa 1977 , Johnsgard 1983 , Potapov 1985 . Morphological and behavioral similarities among taxa may result from homology (a common ancestry) or analogy (derived from independent evolution toward a common function); however, only homologous characters provide reliable information for reconstructing evolutionary relationships. The anatomical and behavioral features utilized in the classification of grouse and ptarmigans have limited taxonomic utility because they: (1) are adaptive and subject to convergent evolution; (2) tend to evolve rapidly in avian species (Johnston and WV Selander 1964) ; and (3) may have an environmental (non-genetic) component influencing their expression. As a result, the classifications based on such characteristics differ greatly in topology and tend to contain monotypic genera.
Grouse and ptarmigans exhibit complex social behaviors and anatomical specializations that are associated with unique life history and reproductive strategies, including monogamy and several distinct types of polygyny (Oring 1982; Johnsgard 1983 Johnsgard , 1994 Avise and Nelson 1989) . In this paper, restriction endonuclease analysis of mtDNA was used to examine the evolutionary affinities of all North American grouse and ptarmigan species. Our study: (1) tests previous phylogenetic hypotheses derived from morphology, plumage, and behavior with a molecular data set; (2) clarifies the origin and evolution of complex reproductive systems and associated morphological/behavioral traits in tetraonines; and (3) contributes to our understanding ofthe evolution of grouse and ptarmigan species.
METHODS
Brain and/or liver samples were collected from specimens distributed throughout the geographic range of all North American grouse and ptarmigans as follows: Ruffed Grouse (Bonasa umbellus) n = 6; Sage Grouse (Centrocercus urophasianus) n = 6; Spruce Grouse (Dendragapus cunadensis) n = 6; Blue Grouse (D. obscurus) n = 4; Willow Ptarmigan (Lagopus lagopus) n = 7; White-tailed Ptarmigan (L. leucurus) n = 4; Rock Ptarmigan (L. mutus) n = 3; Greater Prairie-chicken (Tympanuchus cupido) n = 6; Lesser Prairie-Chicken (T. pallidicinctus) n = 5; and Sharp-tailed Grouse (T. phasianellus) n = 7. A European grouse, the Capercaillie (Tetrao urogallus, n = l), was included in the analysis and the Northern Bobwhite (Colinus virginianus, n = 1) was used as an outgroup. Detailed information regarding collecting localities is presented in Appendix 1.
Mitochondrial DNA from 54 individuals was isolated from frozen tissue and purified on cesium chloride density gradients (Car-r and Griffith 1987). We digested aliquots of purified mtDNA with 14 restriction enzymes: Apa I, BumH I, Bcl I, Cla I, Hind III, Hpa I, Kpn I, Nco I, Nde I, Pst I, Pvu II, Sal I, Sst I, and Xba I. The resulting fragments were end-labeled with @P-nucleotide triphosphates using DNA polymerase (Klenow fragment), separated on 1.2% vertical agarose gels, and visualized by autoradiography. Fragment sizes were estimated by direct comparisons with co-migrating standards of known size (a mixture of lambda DNA and PM2 DNA digested with Hind III).
For each restriction enzyme, we assumed that fragments exhibiting identical mobilities were homologous (i.e., attributable to the same restriction sites across taxa). To minimize the possibility of scoring nonhomologous fragments of similar size as identical due to indistinguishable differences in migration, bands of questionable size identity were compared side-by-side on 1% vertical agarose gels. Fragments that appeared to be similar in size on 1.2% gels, but which could be differentiated on the 1% gels, were labeled alphabetically (e.g., 800a and 800b) and treated as separate fragments (Appendix 2). However, certain enzymes produced only one fragment in several different species. We determined whether these fragments were homologous (attributable to the same site) or nonhomologous (attributable to different sites) by digesting the sample with a second restriction enzyme that cut the DNA only at sites known to be identical in all taxa. If the fragments were homologous, identical profiles were observed in the double digests. Fragments deemed nonhomologous by the double digestions were also treated as different fragments.
Each individual was scored for the presence or absence of each restriction fragment and assigned a composite haplotype based on fragment profiles across all restriction enzymes. The propor- Trees derived by the Fitch-Margoliash (Fig. 1 ) and Neighbor-Joining (Fig. 2) The mtDNA fragment data suggest that Tympanuchus is distinct at the generic level. However, the extent of interspecific differentiation was far less than that observed between other congeneric grouse species (such as Lagopus) and approximated the lowest mtDNA distances seen among closely related avian species ( Other galliform groups such as quails and partridges retain a strongly monogamous system; thus monogamy in the ptarmigans is believed to represent an ancestral condition. The polygynous systems in the other grouse species were believed to be independently derived (Short 1967 , Johnsgard 1983); however, this hypothesis could not be critically tested because systematic relationships among tetraonines were based primarily on similarities for morphological and behavioral characters that are closely associated with reproduction.
Relationships among taxa suggested by the mtDNA analysis allow us to make preliminary inferences regarding the evolution of the various reproductive systems in grouse and ptarmigans using a phylogeny derived from independent characters. The molecular data are consistent with the independent origins of both the dispersed polygynous and communal display behaviors (Fig. 2) . For example, Bonasa umbellus and Dendragapus canadensis share the dispersed polygynous system with D. obscurus. All three species are adapted to northern coniferous or deciduous forest. Dendragapus males make aerial display flights in which "clapping" or "drumming" of the wings may occur (Blackford 1963 , MacDonald 1968 . Bonasa males also establish territories and advertise for mates with a drumming display, but extensive wing beating has been substituted for flight (Hjorth 1970 (Sharpe 1968 , Hjorth 1970 ). Centrocercus and Tympanuchus are not closely related genetically and are partitioned into different groups by the molecular phylogeny. These observations suggest that: (1) an "aggregative polygynous mating system" has evolved independently in these taxa; (2) the display behaviors and morphological specializations in males that are associated with reproduction are attributable to parallel evolutionary trends; and (3) such displays are not homologous characters and similarities between reproductive systems do not imply phylogenetic relatedness.
MITOCHONDRIAL DNA RESTRICTION FRAGMENTS FOR PHYLOGENETIC ANALYSIS
Although restriction sites are often more informative than fragments, concurrent analyses of fragments and sites have produced congruent results in several systematic studies involving birds (Zink 199 1, Zink and Dittmann 199 1, Gill and Slikas 1992). Additionally, the average P-values for all pairwise comparisons among the grouse and ptarmigan species (Table 1) were less than 12%, which is below the 15% maximum divergence suggested by Upholt (1977) and Dowling et al. (1990) for fragment comparisons. The proportion of fragments shared by at least two ingroup taxa (41%) was also far greater than the minimum level (25%) proposed by Kessler and Avise (1985) .
Our phylogeny for the Tetraoninae based on mtDNA restriction fragments is a preliminary estimation of the evolutionary affinities among grouse and ptarmigans. Resolution was sufficient to confidently discern relationships (or lack thereof) among congeneric species, to evaluate the phylogenetic significance of current taxonomic groupings, and to make inferences regarding the evolution of mating systems and selected morphological traits. However, several problematic areas such as the interrelationships among several primary lineages and the placement of other tetraonid species remain.
